from Wafra vacuum residue on heating up to 673K and reduced the size of optical texture of the resultant cokes. On the other hand, SeO2 markedly revealed the promotion of hydrogen transfer in vacuum residues and considerably enlarged the size of optical texture.
vertical i. r. image furnace heated at 10Kmin-1 to 673K with no soaking period. The CDCl3 soluble fraction in the resultant products was examined by 1H-NMR using a Varian XL-200 200MHz FT-NMR spectrometer. The amount of hydrogen transferred from sample to anthracene was evaluated from the peak intensity appeared at 9,10-protons (3.9ppm) in 9,10-dihydroanthracene (9,10-DHA). The hydrogen thus measured is defined as "transferable hydrogen (HDHA)". A typical 1H -NMR spectrum is shown in Fig. 1 .
Carbonization
The sample was carbonized with or without catalyst in a glass tube under flowing N2 gas, heated up to 823K at a rate of 10Kmin-1 and kept for 30min of soaking time. The benzene insoluble fraction of the resultant products was mounted in resin and the surfaces polished in the usual way. Optical textures were assessed by a Nikon Apophoto microscope with polarized light.
Hydrogen-Deuterium
(H-D) Exchange by D-NMR Technique W F-VR, catalyst and D2O (10:1:30 by weight) were mixed and sealed in a pyrex tube reactor and heated in an image furnace at a rate of 5Kmin-1 up to 673K and kept for 15min of soaking time. The resultant products were extracted with G. R.
grade CS2. D-NMR spectra of CS2 soluble fractions were recorded using a Varin XL-200 spectrotween pulses was 5.0sec, with the number of transients being 1000 scans.
Results and Discussion

Transferable
Hydrogen and Optical Texture without Catalyst The amounts of transferable hydrogen (HDHA) in the samples heated at 673K and the optical texture of the resultant cokes without catalyst are summarized in Fig. 2 . Vacuum residues such as VZ Fig. 3 would suggest that a catalyst accelerating hydrogen transfer would increase the size of optical texture of coke. Fig. 4 shows optical micrographs of cokes from WF-VR with and without additions of metal oxide catalysts. The optical texture of WF-VR alone is mainly consisted with fine mozaic. Solid catalysts such as size of optical texture more or less. Position A in Fig. 4 represents catalyst particles in each of the cokes. On the other hand, fusible catalyst SeO2 considerably enlarged the size of optical texture of the resultant coke. SeO2 also slightly increased the coking value in carbonization of WF-VR (see Table   2 ). Table 3 shows the variation of transferable hydrogen in petroleum residues with metal oxide catalysts. For the samples so far tested, all of solid catalysts decreased transferable hydrogen for both WF-and TK-VR. The decrease in transferable hydrogen resulting from the addition of solid catalysts appears to be in good agreement with the result reported by the authors.9) Namely, transferable hydrogen in petroleum pitch decreases in the presence of silica gel as an inert material. It is conceivable that addition of solid catalyst acts as an inhibitor to spatially restrict hydrogen transfer in the carbonization system, resulting in a reduction in the optical texture. By contrast, SeO2 markedly promotes hydrogen transfer in vacuum residues and results in a great enlargement of optical texture for WF-VR. As reported previously,10) elementary Se is an effective catalyst for coal liquefaction since it greatly enhances hydrogen transfer, and that is why we chose to use SeO2 as a catalyst for carbonization. SeO2 also enhanced the hydrogen transfer and mesophase development of KF-VR (see Fig. 5a), b) ). These results show that SeO2 accelerates hydrogen transfer and is effective in the early stage of carbonization of petroleum residues. It is thought that the hydrogens bonded firmly to skeletal structure in the residues are activated and rearranged by SeO2 to stabilize the thermally induced fragments for the mesophase development. Therefore, the viscosity of the SeO2 system remains relatively lower rather than VR alone.
Evaluation of Catalytic Activity by D-NMR Technique
Recently, it has been reported11) that D-NMR investigation of the H-D exchange reaction is a convenient method for evaluating the activity of coal liquefaction catalysts. Let us assume the hydrogen exchange is connected to be one of the hydrogen transfer reactions. Thus the H-D exchange reaction of hydrogens in vacuum residue for deuterium in D2O at high temperature was assessed by measurement of D-NMR. Fig. 6 shows D-NMR spectra of CS2 solubles prepared by the heat-treatment at 673K of WF-VR/D2O/Catalyst systems. Chemical shifts of D-NMR are mostly similar to those of 1H-NMR.11) The signals downfield (left side) and upfield (right side) from D2O as an internal reference correspond to aromatic and aliphatic hydrogens, respectively. As Fig. 6 shows, no exchange reaction was observed for WF-VR/ lyst. In the case of acidic SiO2-Al2O3 catalyst, H-D exchange takes place mainly in the region of aromatic hydrogen. On the other hand, for the SeO2 catalyst, a significant deuterium incorporation is seen in the aliphatic region. This preferential incorporation of deuterium in the aliphatic hydrogen of the product by SeO2 catalyst is due to H-D exchange and/or hydrogenation (addition of deuterium) as one possibility. In the case of H-D exchange, the result suggests that SeO2 interacts to a significant extent with the aliphatic hydrogens in WF-VR. If a hydrogenation reaction occurs, it appears that this is connected with the enhancement of transferable hydrogen.
Strong acidic SiO2-Al2O312) showed a catalytic activity for the H-D exchange reaction, though Part of samples used here were kindly supplied from the Heavy Oil Division, Refining Section of Japan Petroleum Institute.
